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[»^^l] (Tii_a_b_c.,i. Al^. Cr^. Si^. Bj) (Ci_eNe 

0. 5^a^0. 8. 

0. 0 6 ^ b. 

0 ^ c ^ 0. 1 , 

0^d^0.1> 

0.01^c + d^0.1> 

a + b + c + d<l, 

0. 5 ^ e ^ 1 

(a, b, c, dli, -etl^tlAl, Cr, S i , B ©M^it S:^ e liN© 

o 

CM^^ 3 ] tfria c 0 mr^-^^m^^ i * fcii 2 icia^^^gffx^R 
CM#^5] e-2 e?Sicj:-5X^imiFfT'?ra^$tissigiiJtM® (1 1 

1) M, (2 0 0) mi^iiXS (2 2 0) (111) 
, I (2 0 0) ^<fct>*I (2 2 0) h-r-Sil^, rtie)®ffi*'JTtE^ (1) iSJ; 

(2) i:/^ (3) S:^iJ&t-'5»#^l~4®V^i•tlA^^C|a^®^ 

1 (220)^1(111) — (1) 

1 (220)^1 (200) —(2) 
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I(200)/I(lll)^0. 3 -(3) 

^m^mmm<D (111) m(Dm^m<Dmmnmtt^3 e. 5-37. 5" ©iga 

a 

[ft^^8] M*^l~7®v^-rtl*^^cfH«<z)^K^K®>^®{|!I*fe^« 
j& < 1 m(D^mi:^ti±mm * r=. it^^mf)^ 1 je;±«M stirvN^rhSr^ 

WiM\zxnor-^ ■^:tyzf\^-7->( y^m\ziQ\^x. m^-^v h©^|§®C 
o T M^S#:ie^ ic l:r S ^K;!/;^ CD -i?^ ^ X b ^ iEJi L o o figj^-r S 1 

T- 5 0 V'--4 0 0 VT'^S^:^:«1 1 lC|a^(Z)^grjX:^m^S.SII^(Z)$g5t;^ 
[ft 1 3 ] ^i^^® tfflBM^S#:MS 5: 3 0 0 °C 8 0 0 °C J^ilT 
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mo 

[11^^15] Ti, Al, Cr, S i ^J:^>*B*^e5^^;, 

[^#^16] (T i^_^_y_2_^, Al^, Cry. Si^, B^) iJ^^fjt^ 

0. 5^x^0. 8, 

0. 0 6^y, 

0 ^ z ^ 0 . 1 , 

O^w^O. 1, 

0. 0 1 ^ z 0. 1, 

X + y + z + w< 1 

(x, y, z, wtt, ^tl^tlAl, Cr, Si, BCDB^it^^-To JS^TI^D 
) • 

^ mT^^T'feSM^^l s^fclil 6lc|B«©^H^mm^M^f->^»y ho 

\^ [^#3^18] ^^^;t*3&^0. 3S4%|J*TT% 7K^-^^»*^0. 0 5 

^»%JS^TT'feU, JEtcig^-g-W*;?)^0. 2K*%JgATT'feSI»^:^l 5-17 

[^*3gl9] Cu'^;t**'^0. 0 5^»%jeATl?, Mg^^t»*'JO. 0 

ho 

[0 0 0 1 ] 
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[0 0 0 2] 
[0 0 0 3] 

#{C. Ti, Al^^XfS i(Dm^mit&m i&^r. T i A 1 S i NilfH-t) 
[0 0 04] 

itfiaT i A 1 s i N^mii, Ai, s i^mM-t^^iiizjZ'Dxm<Dmmtf^± 
mmnmm^m±-tis>^iii)K #^¥7-3 i o i 74#^#icii^$4x 

Xn*). AlSrM^JtT'O. OSJgiJ:, M*b<liO. SSJgili, S i S:M 
^i:tX 0.01 ^^^J:. M^L<liO. 02 PA±mu-r^ 3 T?g;S:5:t>*Wm'fb'[4 

[0 0 0 5] 

[|§W*^«?St L J: ^ i: -r S ^S] 

iffig^ra*^Rrig^, T i A 1 s i N J: %mmmmzmnr^m^JiM.mmMm 

[0 0 0 6] 
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0.5^a^0.8. 

0. 0 6 ^ b, 

O^c^O. 1, 

O^d^O. 1, 

0. Ol^c + d^O. 1, , 

a+b+c+d<l, 

0. 5^e ^ 1 

(a, b, c, dtt> -etl-etlAl, Cr, Si, B ©M^itlS:^ ettN® 

-2 emiz^^xmrnrnx-m^^^^^m^m^Mm^ (i i d ®. (200) m 
jsitjf (2 2 0) m<Dmmm^m^^ti'eni (iii), i (2oo)i3<i:tjf 

I (2 2 0) t-t^t.^. rtie>(©ffiA^Tia^ (1) i3J:t5/*fett^ (2) h 
, ^ (3) $:?iJ£■r'5t)CD7b^i:V^„ 
[0 0 0 7] 

1 (2 2 0)^1(1-11) - ( 1 ) 

1(220)^1(200) -(2) 
I(200)/I(lll)^0.3 -(3) 

mm^n^^^mmmay (111) ®©im^i^®ia^^;KA^3 s. 5° 7. 

[0 0 0 8] 

&mti^2m&.±^m^tix\f^^%<D^^ti. 

[0 0 0 9] 
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^'ff:#lMJ:»;^-5S¥*^e>^^$4x5^!>^<i:*)l»^> 4 Am. ^ Am. 6Am 
[0 0 10] 

m&t^&m^i^^i'^r-i^^ytyzfu-^^ y^m (a i p^) izm^x. 

mmsi-^y h(Dm^mizmtw:^vxm:&izmm^^^^h^mzmn-t^mi]m 

0 0°ca_hTr8 0 0°CJe^TcD^Hl^i:t--5r i:**M* L<> ^5^, ^mmo^m 

[0011] 

, r>^-T, ;?K^, '^tz.\%z.ic\,^zm^i±.^m.-h-^^tz.^m(r^'^^m.mz>sL-m 

UixM^^tiiS7.^^^\,^. me>Je^^^CfflV^e>tlSA r;&if<Z)im^#7!/X^&T 
[0 0 12] 

M(C:*:^^{i, Ti. Al, Cr, S i 33 J: t>*B ;^)^ e> ^ U > ^o^gM^^;^)'^ 9 
[0013] 

ttfia^ h i±, -^(Dmmmti^ (T l i_x_y_z_„. a l cry, S i 2, 
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0. 5^x^0. 8, 

0. 0 6^y. 

O^z^O. 1, 

O^w^O. 1. 

0. 0 1 ^ z 0. 1 , 

X + y + z + w< 1 

(x, y, z, wtt, -en^tlAl, Cr, Si, B ©M^irbSr^f) SrPMf 
[0 0 14] 

0 5K*%aTT'feu, Mizm.m^mMti^o. 2K*%j£AT"efe^r^7&w*L 

[0 0 15] 

(omm n mmit^ & iBi^icig«?) ^ r ^ t- # ti immm^fj^m l. < i^_L-r -5 ^ i: 

$:MffiL/^o ^bT, -et^^l^i: LTT i A 1 S i NUtC^S LTW^?:ai«?)^ 
SSH, TiAlSiNlCCr Sr^jDf S J: o xmcO^Mfe J: t>*ffiiE'fb'l£*'? 

r^JbU, iK^i:bTlf0^'[£*^^lS6<;jciRlJ:"r'5z:i:S:S§^^«), t&IBT i A 1 
S i NilC rOD^4e?;f^«^mtCoV%Tji*S:m*lfe. HlC B Sr^iDf S Zl i: 

[0 0 16] 

Wt>. ^^m<D^n&mtit. Ti, Al, Cr, S ii3^XJ^B(Dmtmttc 
tti^^^bi^ (T ii_3_b_c_d' AI3, Cri,. Si^. Bj) (C^_eNg) *^e>^ 

0. 5^a^0. 8. 0. 06^b, O^c^O. 1, 0 ^ d ^ 0 . 1, 
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0. Ol^c + d^O. 1. a + b + c + d<l> 0. 5^e^l 
CD^CD-^&SA^ Z(Dmz&mfp(DT Al. Cr> Si, B, Cfe<J:t?N(D 

[0 0 17] 

la«&<Z)#g§¥ 7 - 3 10 1 7 4:-^^Ami:i^mt. T i A 1 S i N(D»*«ittt 

S^tiTV^Sc ■r55;t>t>±SH<iij#T'ttA 1 SrM^Jt-eo. 7 SJg^T, S i 
i:b-eO. 1 Jt^TfcM^bTfeU, A 1 J3J:t>*S i *'<±Sa^HS:^^^i:;SM*'5«JC 
MJ^T^^^^^jtC^^bf <5il^$4^TV^-6. ^fe, A 1 i3 J:0*S i IcttK^^fbtt 

0 bTb^LJ&A^^, ±Mco^{c, Ai^j:xj^s i(Dm^tf^±mmm^m^^t.&m 
(Dm^mmti^^^mmti^^w^mrAZ n sMT^^a^^^b-r^r ii^^e,, t i a i 

S i N^T?MlC|Ef^fbffi S Zl BrigT'$> S c 

[0 0 18] 

T i NtCA 1 $:'MLT^S, lf^^b'ffi?:]ff«?)fe;SM;^)^, 2 6 4 

4 7 1 0#<255^tC|§^$tlTfe*;, A 1 a;&^ig^JtT' 0 . 6 JS^±IC;&S 

«:A^s«5t*^«fmt-sr ii*^5^stiTVNS„ T i A 1 Nit^mmmmcDmrnx' 

S>y, J^iS«igS®T i NCDT i (D-9->r MCA 1 *'5gSI LT Ao feSJgfilJgMCD 

1 A 1 Ncfi^A 1 (Ditm^M&itUtT i A 1 NJ^<©^MS:lS«)S :i ilT&^T^S 

mx^^:iii^^^. ^^n-v^^ y^^^n^x^mmitmno^zn sma i n v 

[0019] 
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TiAlN^: (Al,^, Ti^_p N A 1 ©M^Jtx 0 . 6 - 

0. 7S:®ASi:> T i N{Cj:S§l^ji^^^^*^^<J&oT«*Cj^®Z n SMA 1 

[0 0 2 0] 

T i A 1 S i NlCMUTli, 3® J:e)^5If^M^«^t«?^«'&$4^TV^;&V^:6'5, 
*feS i*$:lt;&n$-B:-5il7^;5'S*^«fffi-r<Sr i:*^^, TiAlSiNttKDSi. 

it. WM0)T i A 1 N{cfet-t^ A 1 tmmcDmm. mt>T i N^&^^tficDT i (d^ 

ic fim $ ti T A o T V N § i: li^ $ ti -5 o 

[0 0 2 1] 

• z:<D,^JC«PSbTT i A 1 S i NfCC r S: Mini's ZlillCfc »J 

CrN(D^^^mit, T i Ni:y t;MlC:^ig«|)tMA 1 N^CJ^V^fe«), TiAl 

S i N©T i S:-gpc r JcSg|-rs zi i:-e^*g«litMA 1 No^itm^^^j-mm 
i?)Sri:;()^T'^tildr> T i A 1 S i Nl^d:»;=bfl^^M^■r'5ri:*'J^T|gT'&Si: 
[0 0 2 2] 

A IN, C r N^J:t)fS i -N>fb-^%li, lf®?'fb'l4=fe; T i N J: MtlT 
V^Sfei*, K^^bffiI^_h(3Dli.^r,*^e>=fo, T i (Z)#J-^.S:Me>bTA 1, C r 
S i iiWiUa-t^^hti^^^ LV^(Z)T'feSo -r^^D-b^^Jf^^T i A 1 S i Niiirbgc 
-tM. Al, S Lfe^-^, T i<Z)-g|$$:C ^l?«^SIAS^i:T' 

JS ^ -5 iSEf if-f b'fiO [qj± 5: S -5 Zl i: :^>^ ^ -5 ® T S o 
[0 0 2 3] 

&.r. ^^mcD (T i i_3_b_c_d. Al^. Cr^, Si^, Bj) (Ci_eNg) 
^.m^mm-t^T i, A1, Cr. Si, B, CJ3<fctJfN®M^ita, b, 

[0 0 2 4] 
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0. 5i:Lfeo *fcA 1 ®M^Jta®±l5S&0. 8 i:^i?)fe<Dli, dtiSrjgjtS 
[0 0 2 5] 

c r ^ma-t ^^tx% ±7&L r:imiz.m^mmm^mw l * * a i ^ 

ith(Drm^O. 0 6 ilLfe. 
[0 0 2 6] 

AKDM^-itatt, 0. 6iJ^J:-e^SZli:;&W^ L<, i:y^f^L<ttO. 6 
Sje-^^-^feSo *fcA 1 ®M^ita®M* LV>_t:|^liO. 7 5-^feSo C r (DM 
d^jtbCDTISttO. 0 S-e^SrilAW* b<> J:y^f*b<ttO. IT'fe^o 
* fee r N «T i N i: J:bfe bT^M75)M^$ < , M(C»i--5 il^SOiST 5:^3 

<ri:*>^, c r®M^Jtb®_t|5Stto. 3i?&sz:i:*W* 

< ttO. 2 5TfeSo 
[0027] 

^-r<5r i:*^e>> S i J: t>V* ;tliB $:Md^it (c + d) T'O. 0 l.J^^Ji^itl 
^?*L/<liO. 0 2J2*±T'&-5o S i ^ J: tJ^/ * B 

^nX^r^itBCDm^St: c d ^t^I* (c + d) ®±|$S§:0. I t^^o 0t 
L/<liO. 0 7J2itTT'$>»J, J: *J^J^ L/<liO. 05je4Tl?feSo 
[0 0 2 8] 

^i:SZlilj&^e>. T iCDM^^it (1-a-b-c-d) (DTmitO. OSil^-^ 
Zli:;{)^M*bV^. J:y^gF*L<ttO. O 5;jA_t:T% MC^?tb<ttO. 0 8Je^± 
T'feSo LV^^^f04i:bTA ICDM^JtSrO. 6 jetJiat* Ti 
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»J^f*b<«0. 3je^T> H{c|f*L<liO. 25JS*Ti:t-So 
[0 0 2 9] 

^)^pfi{CCS:^j6tI-tS3i:{CJ: TiC-^SiC, feS Va^ B^C^CDi^i! 
(l-e)tt, Ti, S i ^ j:t>'B(>DAtt?^;&D* ( 1 - a - b) il|^»T-S>Sr 

(Tii_a-b-c-d' Crb. S i ^. Bj) (C^.^N^) IC^Jt^e®^'^ 

0. 5J^^_hi:j&SJ;e){c^S, *fe_hlSj^«®tfmic^ y^M$:lK<*v5^-^lc 

[0 0 3 0] 

r T* ^ V % Pj -e S „ 
[0 0 3 1] 

±mmi^m':^m^^i^ii'r^m^mi^t.it. 0-2 e^stcjc^x^nm^icfett 

S^±S«)tS:^t-ll°-^<oe»-^, (111)®. (2 0 0) ®, (2 2 0) ®. 
(3 11) ffiOtr-i^^SSr-etl-rtL, IB (111), IB (2 0 0), IB 
(220), IB (311) Hh. Zn SM#l5t§:^-ttr--i5'CZ) e> *», (10 0 
) ®, (10 2)®, ( 1 1 0) ®(Dt:°-^5tS$:^tl^tl, IH(IOO), 
IH(10 2), IH(llO) ilLfc^-a-lC, Tta^ (4) (Omtf^O. 5&,± 
^:^'5i:e)J5iMS«l^g<^z:^S:V^V^, ^f*L/<ttO. 8^±T?fe5„ 0. 

[0 0 3 2] 

10 0) mt 26 = 32° —33° ^jS, (102) ffili 20=48° —50° 
f«fi£, tfc (1 10) ®li2 0 = 5 7° -58° #jfilC3^tl.5tr-^©^;S$:M 
^bT*«)-5„ i^, Z n SMcD^^liA 1 NA'^^^-efe^*^ Ti, Cr^J:l>* 
S i *^MAL/TV^-&fe^^), HMStlSZ n SMA 1 N®fcf-^Mli, JCPD 
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[0 0 3 3] 

mi] 



o 
o 

e 



O 

I 

f 

s 

+^ 
rH 

CO 

9 

+ 

I 

a 
+ 



a 

[0 0 3 4] 

^mmm^mij"^. i (220)^1 (1 1 d fej:t>v*;feiiii (220 

) ^ 1.(2 0 0) $:?ifeLTV^Sri:*^M*LV^„ rtltt, ^^«f3t§![®^{C3^ 

:Eibfe®T'fe€> (1 1 1) ®^ (2 0 0) miff^&mmmKMLr^mzm\^t^ 

[0 0 3 5] 
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5itc (2 0 0) mt. (Ill) m<Dmmm^mtt ;i (2oo)/i ciii 

) A^O. 3Jt^±T'feSri:AW* L/V^, I (2 0 0) /I (1 1 1) li, 

i)K ^mmx^iit. I (2 0 0) /-I (1 1 1) 75)^0. sjeA^^r^j^-rs^-^fc, 

mm^m±o^m^iti^iiAji£^^i±-t. hid m-^-it. mmmm^t>^^m^ 
tm^^n^o ^tiizMhx (2 0 0) ®-eii> lll^LTv^sM^ imm^m^ 

) tt^M^^i:^^feSv^«^M7C^^:-^^®^I*-^t)i^•e, (2 0 0)®i^ic 

J3 -5 ^Mtc^ mmm^ t tc it^mm^ t liM^ u t v^ ^ v % ^ e> 

^^LTV^-5i:#^P>tl-5o S^oT. ®f^cO^^'ffi®?i^V^ (2 0 0) (1 

Lxmm^^^\^±^'^^^ti)'^x^^ii^^^ti^o mmi (200) /i ( 

1 1 1) ©ffili, ^ff^ L<iiO. 5^^^_hT'fe^o 
[0 0 3 6] 

(111) m(Dmmm(Dmmnmit. &m(Dm^mm. m^fi^ij<DV^m. *fe 
• \tmm<Dmmiz^^xmth^^%<Dx:^^). ^mm<Dmn^miz^\i^xcu(D 

6. 5° -3 7. 5° (DmmiHxmtL. ^m^<DT imii^mM-t^trnm^n 

111) m<Dmmnmii^^nmiitjt^. m-^ din ®raiiE^*^:^^<^-5(Z) ' 

li, ttfM(Z)*tI<, TiN(D^^^m (4. 2 4 A) :^)^Si^«5t§5[CD A 1 N 

^t!t (4 . 1 2A) rN®|&^^i5C (4. 1 4 A) h J:bi€ UT:*:^ V^ 3 i: tc 

15 S ^0.03) N^M^S®-^^S=K±{C?^^bfe^-^, (111) ®®tm#f:^S 
itmm^mz^V 3 6. 6° —3 7. 1° (D^HWT-^-fbLfeo 
[0 0 3 7] 
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it. mmimt.r:iit2m&.±(D:$immx'mM-t^ (ti, cr, ai, si, b 

) (CN) moyn-mmt-t^itm-mmiz. ^^mmm^i^(D'^^nm^^^mi.. 
mu^M^^m mtm^jt^ m^mm(D±mmitmm. ^mm^tmm ^ <fc z:^^mmm. 

[0 0 3 8] 

iz.i5»^^^mit^m^\^--^(Do^. (111)®. (2 0 0)®. (2 2 0 

) ®, (3 11) mcDY^-^m.mti^n'en. ib (iid. ib (200) 

. IB (220). IB (311) HV. Zn SMll)t§:^-r tf-^® e> ( 
100)®, (10 2)®. ( 1 1 0) ®C7)tf-^3^MS:^tl^tl, IH(10 
0), IH(102), IH(llO) i:Lfe#-^{C. ±m^ (4) (DUtf^O. 

LT, M;^liTiN. TiAlN. TiCrAlN. TiVAlN. T i CN. 
TiAlCN. TiCrAlCN. T i Cm<D&miti^mi>f ^tl^ o 
[0 0 3 9] 

^ tc:^^m(Dmmjimm^n&micit. mm 1 m% h< it2m&.±(D:^^m<D 
^M&.m<D}^mm^tcitmmmic. 4Ai^, 5 Am. eAm. Ai ts^xj^s i ^ 

-ti«M$tiTv%st)©T'feoT%<fc<. mm4.Am. 5 am. q Am(D±mt.L 

T. Cr. Ti. Nh^itj^m-f^tl. ^^ilLTliT i -A l^$:MV\S3i:*^ 
J: »;=fo{Sv>^^«M (HSS. SKD^) i: f U . «&fH 

N. T i A 1 N^®;d^liC. feSV^ttC^. Ti. T i - A 1 moy^m^^M^m- 
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[0 0 4 0] 

^hx^^m<Di^M&mii'r^m'^iz\t. imoym^nf^o. o o 5 — 2 ;ttB®ig. 

[0 0 4 1] 

hff^±m^nx-^^. fip-^, ^miST.mmm.^xr-'^mm^n^x^-^-j V 
mn-t^^om^i^r=.mtimizj^^xmmi^^^mm-t^:iii^ts-th\^^mmL 

[0 0 4 2] 

& S o 
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[0 0 4 3] 
[0 0 4 4] 

[0 0 4 5] 

xwn^T^^m^j^w,^^mm^i^^m.}L\^xoym^ {.^iKwa^ 9>)L^mxx 

V^T^^m^^*U 0 G ii^^T.) JgA-h, if ^ L<{±3 0GJe;^_hi:i-S(D3^)'{^V^o 
f^e, ^58®lC«{«3?^Silli, ^^©©^Sg^^lRflCMLTO" 3 0'' 

[0 0 4 6] 
[0 0 4 7] 
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h 1 0 6 ±Km^^-&^r:^isb(Dmm^ 1 o 9 %:m:k.r^^(Dtf^^^ttK m 

[0 04 8] 
[0 0 4 9] 

T^M:!?;:^;^^:;^^^*^^^^ So mmm4.\zisvy^^^(Dm^mi o 2T*«, ?^:^7 

*^5&y^V^%CD^:^oTV^S„ dtllC^b, 0 2 i tJt0 3 {C:^-r«l^:*:^^T 
^3 -5 c?) y ^ X v^M;()^t^!5f^(Z)^|gMJc: J:b^*&a{c]« V ^ % (Z) i: j& o T v^ 

So 

[0 0 5 0] 
[0 0 5 1] 

ffilis 0 vj;^±i:-rsr L<, J: U^?* b < 7 o vjeA±Tfe y , Jgc 

b tc^m^T. J; o TM3&^ 5^ >^ $ ti, figMjiS}b^®igtC/h $ < S 
* ^;llMe<rT'3&V^o =Seor, A'-rT;^«iEl±4 O O VJ!^ATi:t-S ri:*W*b< 
, i: U^f ^ U< lis 0 0 VJSAT, MfC^t L< tt2 6 0 Vi^TT'ftt;^?^ b<{i 
2 0 0VaTT'^So A-r T::^®«^li, T-XH^tC^LT V-r:^^ 



2001-3109287 



#2001—3 10562 



(D]^^xit. A^r^m&^b oY&.rin^x%m^mj^mmm(7^]^m^n^:i 

[0 0 5 2] 

-r ^zLn tints' t. Lv\i: vx\f^^>i)K ^mtmmvr=.mm(Dfi;i:3iim^vx\>^^. 
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(DM^^ilLtc^mz^ Ar>f^>lCj:SttfSaX3K®^U-->yS:l S^^-^^fo 
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, 6, 9, 11, 13lCOV>T, ^mmiZ'm^&mil. TiQ ^AlQ ^N^^tt 

Ti (CQ5NQ 5) (D&mt.^. mmmi^-rm-±m-rm-±m-) 

^(DmizLxm^nr:Lmm&mt:m\'^xm^^Mk^n^\ mnwrn^n-Dtc. m 
nmtvx SKD 6 im^Atim (hrcso) ^m^^t^. mwi^mt5;j.T(Dm 
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